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Abstract 
The present abstract summarizes the main activities and results of a feasibility study campaign for integrating solar 
thermal collectors in industrial processes in Tunisia.  
Three technical-economy feasibility studies have been carried out for industrial end users of the textile branch. From 
the economic point of view, the pay-back time of the investment has been calculated, and a social benefit analysis has 
been implemented, considering that fossil fuel is highly subsidized by the Tunisian government. 
Results show that solar thermal systems are not economically interesting for end users with current subsidy schemes, 
but they could lead to significant economic benefits for the government. Alternative incentive mechanisms to those 
applied today have been considered, with the public utility in the role of the investor.  
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1. Introduction 
 According to IEA SHC program (Task 49) Solar Heat for Industrial Processes (SHIP) is currently at 
the early stages of development. Nevertheless, a huge potential is available, considering that around 30% 
of the total industrial heat demand is required at temperatures below 100°C and almost 60% is required at 
temperatures below 400°C.  
The most significant reason for low market penetration of solar thermal in the industrial branch is 
probably linked to the economic assessment: due to relatively low energy prices for industrial customers 
in several countries worldwide, solar thermal systems do often have pay-back times higher than their 
lifetime. Even when the pay-back is lower than 20 years, it is usually far above what industrial investors 
are looking for. 
2. Energy framework in Tunisia 
Tunisia has a quite large natural gas network, which serves the main economic and productive districts. 
Most industrial plants burn natural gas for the main thermal processes, usually producing saturated or 
superheated steam to be circulated inside the technological processes.  
The current average price of natural gas for industrial end users is 0,25 TND/m3 (Tunisian Dinars), 
which equals to around 0,12 €/m3. Such a low price is possible because of high incentives on natural gas. 
For what concerns renewable energy technologies, in particular solar thermal, several national 
programs for enhancing penetration of solar technologies have already been put in place by the Tunisian 
Government, supported by the Italian Ministry for Environment, Land and Sea. 
3. Feasibility study campaign for solar thermal heat in industrial processes 
3.1. Synthesis of the feasibility studies 
Feasibility studies have been realized in the framework of the Prosol Industrie project, financed by 
UNEP (United Nations Environment Programme): Politecnico di Milano (Italy’s largest technical 
university) and ANME (Tunisia’s National Agency for Energy Conservation) carried out technical visits 
to selected industrial end users and realized detailed studies targeted towards integration of solar thermal 
technology. Feasibility study tools have been realized by Politecnico di Milano to be used for further 
feasibility evaluation. [1], [2] 
The textile industry is among the most developed in Tunisia: 2.257 companies out of 5.342 deal with 
textile. It was therefore decided to select three industries in the textile branch. 
The selected end users are two textile production industries and a clothes washing industry.  
The first industry (industry 1) owns a factory for production of clothes. The main processes are dyeing 
and ironing. The thermal energy in industry 1 is used to produce steam, which is partly used directly in 
ironing processes and partly used indirectly in heat exchangers to heat up water for dyeing machines. 
Dyeing processes work at different temperature levels: 50°C up to 98°C, depending on the clothes to be 
dyed (material and colour). Each dyeing machine is provided with a hot water storage (200 l – 2.300 l), 
which is kept at the desired temperature through a steam-water heat exchanger. All in all 18 dyeing 
machines are in operation. Heat is recovered from hot, dirty water to pre-heat the fresh, clean water. It has 
been estimated that clean water is pre-heated to around 50 °C in average.  
The second industry (industry 2) is producing clothes. The main processes for which thermal energy is 
required is ironing. Some minor washing processes for clothes samples are in use, but they represent a 
very small share of its thermal energy needs. Thermal energy is used to produce steam, which is delivered 
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to the above mentioned ironing processes. Part of it is used indirectly to heat up the ironing surface, part 
is used directly to iron the clothes. A small share is used in two washing machines, where steam is 
directly injected into cold water inside the machines. Finally, two dryers use steam to heat up the air. 
Industry 2 is technically suitable for a medium temperature solar thermal system because the required 
energy is mostly at a relatively high temperature, since steam has to be produced for direct use (ironing 
process). Concentrating solar thermal collectors must therefore be used, due to their capability of reaching 
high temperatures for steam production. 
In the third industry the main process is washing and, secondary, drying. Some parts of the clothes 
production process are also in place.  
Thermal energy is used to produce steam. For what concerns the two washing machines, steam is directly 
injected into cold water inside the machines, raising water’s temperature at the desired level (either 50 °C 
or 70 °C). Besides, two dryers use steam indirectly to heat up the air. For the drying process steam is 
technically the only feasible solution, while washing could theoretically be covered with liquid hot water 
to be directly used in the washing machines. In fact, the washing machines are designed for a hot water 
inlet, as well. After a check with the manufacturer, however, it was clarified that no control for double 
water inlet (cold and hot water) is implemented. Connecting the machines to a hot water pipe would 
therefore lead to high costs for modifying the control system. 
For this reason a low temperature solar thermal system providing hot water is not feasible in the washing 
industry and a medium temperature system for steam production had been investigated. 
In table 1, the most important data of the above three companies are reported.  
Table 1. Main characteristics of the three industries  
Company Æ Textile  industry 1 
Textile  
industry 2 
Washing 
industry  Units and/or comments  
Yearly fuel consumption 3.600.000 388.500 135.400 m3 gas 
Yearly energy 
consumption 36 3,88 1,33 GWh thermal energy 
Average thermal energy 
price (2011) 0,025 DT/kWh 
considers gas energy 
content of 9,8 
kWh/m3 and fuel 
price 
Yearly energy cost 900.000 98.000 33.850 DT/year based on energy bills 
Estimated yearly boiler 
efficiency 85 % 
Thermal energy 
currently produced by  Steam Steam  Steam Even if the final industrial processes  in the 
2nd and 3rd cases require lower temperatures 
than 180°C, it is not feasible technically to 
substitute the steam network.   
Temperature range 
needed  50-98°C 
180°C 
(steam) 
180°C 
(steam) 
Heat recovery applied Yes  No Yes 
 
The basic schemes of the solar thermal plants proposed for the three selected industries are illustrated 
below.  
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Fig. 1. General hydraulic scheme of solar thermal plant of industry 1
Fig. 2. General hydraulic scheme of solar thermal plant of industry 2
1394   Marco Calderoni et al. /  Energy Procedia  30 ( 2012 )  1390 – 1400 
Fig. 3. General hydraulic scheme of solar thermal plant of the washing industry (case 3)
3.2. Economy analysis
For realizing the feasibility studies the following boundary conditions have been assumed:
Turnkey investment costs for glazed solar collectors (FPC, ETC): 450 – 665 TND/m2
Turnkey investment costs for  parabolic trough collectors (PTC): 750 – 1.000 TND/m2
Inflation rate: 3% [3]
WACC (Weighted Average Cost Of Capital , applied in the actualization calculations): 4%
Yearly increase in conventional energy prices[4]: 6 % (gross value, including the inflation)  
Current capital cost incentive by the Tunisian Government: 30% [5]
Part of the remaining investment that is covered by a bank loan: 100%
Bank loan: 5,5 % interest, 5 years pay-back (for the bank) [6]
Annual maintenance costs: equal to 1% of the investment cost
Parasitic (electrical) energy consumption: equal to 2% of the solar
Cost of electric energy: 0,108 TND/kWh
Reduction of the solar plant’s efficiency: 0,5% per year (this leads to about 85% of the initial
efficiency after 20 years of operation)
Efficiency (thermal, overall) of the conventional boiler for vapour production at about 180°C:
85%
The most significant results are shown in the table 2:
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Table 2. Major results of economic part of feasibility studies
General data Low cost scenario High cost scenario
End user Technology Gross area Solar yield Investment
cost
pay-back Investment
cost
pay-back
m2 kWh/y TND y TND Y
textile industry 1 ETC 1.333 905.400 600.000 19,7 866.500 >20
textile industry 2 PTC 522 423.000 391.500 >20 522.000 >20
washing industry PTC 522 417.500 391.500 >20 522.000 >20
the above table, the payback time is generally high. For one of the cases (industry 1 and low 
cost scenario) some other economic figures have been calculated in order to better evaluate the
investment. They are listed below:
IRR (Internal Rate of Return of the investment): 4,22%
NPV (Net Present Value): about 7.400 TND
PI (Profitability Index): 0,83
Moreover, for ‘industry 1’  detailed cash flow calculations have been made and are presented in figure 4.
Fig. 4. Cash flow (simple and ctualized) for the investment of  the ‘textile industry 1’
The above analysis could represent a real case with the current market and subsidy conditions. 
In the next paragraph, the economic feasibility of applying  a higher subsidy has been examined both 
from the end user and the Public utility point of view.
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4. Suggestions for Tunisian energy policy  
Looking at the figures shown in Table 2 one can easily come to the conclusion that industrial end users 
in Tunisia, under the conditions chosen for the above mentioned studies, could not be interested in 
investing in solar thermal systems due to high pay-back times. From the point of view of the Government 
(from now on mainly the name ‘public utility’ will be used instead of ‘government’), however, interest in 
solar thermal technology might exist, if one considers that each m3 of saved natural gas corresponds to 
about 0,25 TND of public saved money. [4]  
Looking at the above results from the point of view of public money, the results shown in table 3 
(assuming the lowest possible cost for the collectors)  are achievable. 
 
Table 3. Economic results in terms of public money  
  Total subsidy to solar 
plant under current 
subsidy mechanism 
Saved public money in 
20 years 
 
End user    
textile industry 1  184.000 TND 251.000 TND 
textile industry 2  78.300 TND  107.000 TND 
washing industry  78.300 TND 104.000 TND 
    
Figures clearly show that economic savings are higher than current available subsidies. Solar thermal 
systems are therefore an interesting way of saving public money. In order to make their use possible, part 
of the saved money should be used for further increasing the provided subsidy, thus reducing pay-back 
times for industrial investors.  
To better examine this last opportunity the following scenario has been analyzed: each solar plant that is 
realized with  public subsidies could be seen as an investment of the Public utility (as already stated, for 
each m3 saved by the solar plant, the Public utility saves 0,25 TDN). If one assumes that the Public utility 
can afford an investment with a payback up to 20 years (20 years is a time period that is comparable with 
the lifetime of the solar plant), then the maximum possible subsidy percentage that the Government can 
offer to the End Users could be calculated (in order for the payback of the Public utility not to overcome 
the limit of 20 years).  
In this analysis some guarantee of solar production measures have been adopted. In fact, by such a 
financing scheme of a solar plant, the public utility faces the following risk: if the plant at a certain point 
(e.g. after 5 years) ceases to operate, the end-user will then (for the subsequent 15 years) consume 100%  
gas to cover its energy demand;  thus, the indirect earnings of the public utility due to the avoided gas 
selling for 15 years, will vanish.  
In practical terms, a 10% of  the plant’s cost has been assumed to represent the amount of money needed 
in order to cover both the insurance and a specific maintenance contract signed between the end-user and 
the solar installer. This 10% corresponds to about 60.000 TND in the specific case we are analyzing. In 
this case there the previously applied maintenance cost of 1% of the investment cost is not valid anymore.  
Another contract that guarantees a minimum solar yield per year for a duration of 20 years has to be 
signed (e.g. by all three actors: the End-User, the Public utility and the Solar Company).  
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The economy analysis has been done for ‘industry 1’ and the resulting maximum possible subsidy has 
been found to be equal to around 80 %. Adopting this figure, the payback of the Public utility is
practically 20 years while the Pay Back Time of the industry 1 is 5 years, thus affordable according to the
current industrial investment tendencies.
Once again, some important economic figures (for the end-user) have been calculated and are listed 
below: 
IRR (Internal Rate of Return of the investment): 25,1%
NPV (Net Present Value): about  413.600 TND
PI (Profitability Index): 3,36
From the above numbers we can better deduce that the hypothesis of this extreme subsidy limit 80 %
offers the opportunity for ‘industry 1’ to make a particularly profitable investment. Since the subsidy is so
high (80%) it has been assumed that the remaining investment (that has to be done by the Industry) can be 
done without any Bank loan. 
The detailed cash flow calculations for this case are presented in figures 5 and 6 for the end-user and the
public utility respectively.
Fig. 5. Cash flow values (for the industry) in case of maximum subsidy for ‘industry 1’ 
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Fig. 6. Cash flow values (for the Public utility) in case of maximum subsidy for ‘industry 1’ 
Another scenario with a less extreme subsidy to the end user has been examined. For this scenario, the 
following hypothesis has been made: the end-user can afford an actualised payback time of 8 years with
the help of a bank loan of the same duration; the loan covers the 80% of the investment that the end-user
has to make. The needed percentage of public subsidy has been calculated in order to arrive at the above
conditions and the results (for the end user)  are shown below:
Subsidy percentage necessary: 68%
IRR (Internal Rate of Return of the investment): 26,0%
NPV (Net Present Value): about  337.600 TND
PI (Profitability Index): 2,06
On the other hand, the public utility has some benefits (even if small) at the above conditions that are
summarized below:
IRR (Internal Rate of Return of the investment): 5,41%
NPV (Net Present Value): about  71.600 TND
PI (Profitability Index): 1,11
The investment that the end-user has to face is 32% ( this is the remaining of the 68% public subsidy)
of the price of the plant. Since the bank loan covers the 80% of this 32%, the actual money that the end-
user has to invest are equal to 20%*32% = 6,4% of the initial price of the plant.
This last scenario with the end-user investing initially only a minimum amount of money (6.4% )  and
then simply paying the loan with the savings earned thanks to the solar plant, leads us close to the concept 
of  an ESCO agreement.
In fact, up to now, the hypothesis that the Public utility is assuming the investment costs has been
 Marco Calderoni et al. /  Energy Procedia  30 ( 2012 )  1390 – 1400 1399
examined.  However, in order to assure an effective policy and increase the success rate of subsidized 
solar thermal projects, implementing measures shall encourage the development of reliable and proven 
financial schemes in which different stakeholders are involved, including financial institutions and 
ESCOs [7]. An example of such scheme is shown in Fig. 7. Under this scheme, the ESCO gets a loan 
from the bank and purchases the solar thermal system from the manufacturer. The end user pays its 
energy bills (that now are less expensive) to an ESCO in exchange for solar heat, which means that the 
cost of solar thermal energy per kWh shall be somehow lower compared to the cost of fuel per kWh 
divided by the combustion efficiency of the conventional boiler. Through energy billing, the ESCO can 
demonstrate the amount of fuel saved and claim the subsidy (certificates). 
 
 
Fig. 7. Financial scheme involving ESCOs (dashed line for service or good, continuous line for financial transactions)    
5. Further analysis - Conclusions  
Due to the significant subsidies on fossil fuels (mainly natural gas) for industrial end-users, solar 
thermal technologies in the Tunisian industrial sector are currently not economically appealing. 
Nevertheless, savings produced with the use of solar thermal heat have an important impact on the public 
budget. Being the fossil fuel sold to end-users for about half the purchase price, the Public utility has 
substantial savings for each kWh that is produced by solar thermal. The possibility for the Public utility to 
invest some of these savings in solar (by increasing the subsidies) has been examined and found to be an 
interesting option for the end-user in economy terms.  
However, further analysis is needed in order to examine: 
  The heat recovery possibilities of the industry before applying the solar thermal plants 
  The effect of an eventual reduction of the public support in the gas price during the years that 
are subsequent to the investment. 
End user 
ESCO ST Manufacturer Bank 
Government 
Energy bills Solar heat 
Fuel savings Certificates 
Loan payments 
Loan 
ST system 
Purchase price 
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